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(54) DISPLAY DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To stably and accurately supply 
desired current to a light emitting element of each pixel and to 
suppress the current leak independently of characteristic dispersion 
of an active element inside the pixel exists. 
SOLUTION: Each pixel consists of a receiving transistor TFT3 
which takes in a signal current Iw from a data line data when a 
scanning line scanA is selected, a converting transistor TFT1 which 
temporarily converts the current level of the taken in signal current 
Iw to a voltage level and holds it, and a driving transistor TFT2 
which provides a flow of driving current having a current level $pap£ 
corresponding to the held voltage level to a light emitting element 
OLED. The TFT1 provides a flow of the current Iw taken in by the 
TFT3 to its own channel to generate a converted voltage level at its 
own gate and a capacitor C holds the voltage level generated at the 
gate of the TFT1. The TFT2 makes a driving current having a 
current level corresponding to the voltage level held in the capacitor 
C flow through the element OLED. Note that the threshold voltage ^ 
of the TFT2 is set so that the voltage dose not become lower than 
the threshold voltage of the TFT1 to suppress leak current. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1] While being allotted to the intersection of a data-line drive circuit including the current source which 
generates the signal current which has the scanning-line drive circuit which makes sequential selection of the 
scanning line, and the current level according to brightness information, and is serially supplied to the data line, and 
the each scanning line and each data line It is the display equipped with two or more pixels containing the light 
emitting device of the current drive mold which emits light in response to supply of a drive current. The pixel 
concerned The accession department which incorporates the signal current from the data line concerned when the 
scanning line concerned is chosen. The transducer which once changes and holds the current level of the 
incorporated signal current to a voltage level. The mechanical component which passes the drive current which has 
the current level according to the held voltage level to the light emitting device concerned is included. Said 
transducer The insulated gate field effect transistor for conversion equipped with the gate, the source, the drain, 
and the channel, The capacity linked to this gate is included. Said insulated gate field effect transistor for 
conversion This gate is made to generate the voltage level which passed the signal current incorporated by this 
accession department to this channel, and was changed, and said capacity holds the voltage level produced to this 
gate. Said mechanical component The insulated gate field effect transistor for a drive equipped with the gate, a 
drain, the source, and a channel is included. Said insulated gate field effect transistor for a drive A channel is 
minded for the drive current which accepts in the gate the voltage level held at this capacity, and has the current 
level according to it. To this light emitting device A sink, Said insulated gate field effect transistor for a drive is a 
display with which the threshold voltage does not become lower than the threshold voltage of the insulated gate 
field effect transistor for conversion which corresponds within a pixel and which is set up like. 

[Claim 2] Said insulated gate field effect transistor for a drive is a display according to claim 1 with which the gate 
length does not become shorter than the gate length of the insulated gate field effect transistor for conversion who 
corresponds within a pixel and which is set up like. 

[Claim 3] Said insulated gate field effect transistor for a drive is a display according to claim 1 with which the gate 
dielectric film does not become thinner than the gate dielectric film of the insulated gate field effect transistor for 
conversion which corresponds within a pixel and which is set up like. 

[Claim 4] Said insulated gate field effect transistor for a drive is a display according to claim 1 with which the high 
impurity concentration injected into a channel is adjusted, and the threshold voltage does not become lower than 
the threshold voltage of the insulated gate field effect transistor for conversion which corresponds within a pixel and 
which is set up like. 

[Claim 5] Said insulated gate field effect transistor for a drive is a display according to claim 1 which passes the 
drive current according to the difference of the voltage level and threshold voltage which operated in the saturation 
region and were impressed to the gate to this light emitting device. 

[Claim 6] The display according to claim 1 with which the gate of said insulated gate field effect transistor for 
conversion and the gate of said insulated gate field effect transistor for a drive are directly connected, constitute 
current Miller circuit and it was made for the current level of the signal current and the current level of a drive 
current to serve as proportionality. 

[Claim 7] Said transducer contains the insulated gate field effect transistor for a switch inserted between the drain 
of this insulated gate field effect transistor for conversion, and the gate. This insulated gate field effect transistor 
for a switch While flowing when changing the current level of the signal current into a voltage level, connecting 
electrically the drain and the gate of this insulated gate field effect transistor for conversion and making the gate 
produce the voltage level on the basis of the source This insulated gate field effect transistor for a switch is a 
display given in claim 1 written which separates from a drain this capacity that it was intercepted when holding a 
voltage level in this capacity, and was connected to the gate of this insulated gate field effect transistor for 
conversion, and this. 

[Claim 8] Said light emitting device is a display according to claim 1 which uses an organic electroluminescent 
element. 

[Claim 9] Said insulated gate field effect transistor for a drive and the insulated gate field effect transistor for 
conversion are a display according to claim 1 which is the thin film transistor which formed the source, the drain, 
and the channel with the polycrystal semi-conductor thin film. 

[Claim 1 0] It is allotted to the intersection of the data line which supplies the signal current of the current level 
according to brightness information, and the scanning line which supplies a selection pulse. The accession 
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department which is the pixel circuit which drives the light emitting device of the current drive mold which emits 
light according to a drive current, answers a selection pulse from this scanning line, and incorporates the signal 
current from this data line. The transducer which once changes and holds the current level of the incorporated 
signal current to a voltage level. The mechanical component which passes the drive current which has the current 
level according to the held voltage level to the light emitting device concerned is included. Said transducer The 
insulated gate field effect transistor for conversion equipped with the gate, the source, the drain, and the channel, 
The capacity linked to this gate is included. Said insulated gate field effect transistor for conversion This gate is 
made to generate the voltage level which passed the signal current incorporated by this accession department to 
this channel, and was changed, and said capacity holds the voltage level produced to this gate. Said mechanical 
component The insulated gate field effect transistor for a drive equipped with the gate, a drain, the source, and a 
channel is included. Said insulated gate field effect transistor for a drive A channel is minded for the drive current 
which accepts in the gate the voltage level held at this capacity, and has the current level according to it. To this 
light emitting device A sink, Said insulated gate field effect transistor for a drive is a pixel circuit where the 
threshold voltage is set up lower than the threshold voltage of the insulated gate field effect transistor for 
conversion. 

[Claim 11] Said insulated gate field effect transistor for a drive is a pixel circuit according to claim 10 where the 
gate length does not become shorter than the gate length of the insulated gate field effect transistor for conversion 
and which is set up like. 

[Claim 12] Said insulated gate field effect transistor for a drive is a pixel circuit according to claim 10 where the 
gate dielectric film does not become thinner than the gate dielectric film of the insulated gate field effect transistor 
for conversion and which is set up like. 

[Claim 13] Said insulated gate field effect transistor for a drive is a pixel circuit according to claim 10 where the high 
impurity concentration injected into a channel is adjusted, and the threshold voltage does not become lower than 
the threshold voltage of the insulated gate field effect transistor for conversion and which is set up like. 
[Claim 14] Said insulated gate field effect transistor for a drive is a pixel circuit according to claim 10 which passes 
the drive current according to the difference of the voltage level and threshold voltage which operated in the 
saturation region and were impressed to the gate to this light emitting device. 

[Claim 15] The pixel circuit according to claim 10 where the gate of said insulated gate field effect transistor for 
conversion and the gate of said insulated gate field effect transistor for a drive are connected directly, constitute 
current Miller circuit, and it was made for the current level of the signal current and the current level of a drive 
current to serve as proportionality. 

[Claim 1 6] Said transducer contains the insulated gate field effect transistor for a switch inserted between the drain 
of this insulated gate field effect transistor for conversion, and the gate. This insulated gate field effect transistor 
for a switch While flowing when changing the current level of the signal current into a voltage level, connecting 
electrically the drain and the gate of this insulated gate field effect transistor for conversion and making the gate 
produce the voltage level on the basis of the source This insulated gate field effect transistor for a switch is a pixel 
circuit given in claim 10 written which separates from a drain this capacity that it was intercepted when holding a 
voltage level in this capacity, and was connected to the gate of this insulated gate field effect transistor for 
conversion, and this. 

[Claim 17] Said light emitting device is a pixel circuit according to claim 10 which uses an organic 
electroluminescent element 

[Claim 18] Said insulated gate field effect transistor for a drive and the insulated gate field effect transistor for 
conversion are a pixel circuit according to claim 10 which is the thin film transistor which formed the source, the 
drain, and the channel with the polycrystal semi-conductor thin film. 

[Claim 1 9] It is allotted to the intersection of the data line which supplies the signal current of the current level 
according to brightness information, and the scanning line which supplies a selection pulse. The acceptance 
procedure of being the drive approach of a light emitting device of driving the light emitting device of the current 
drive mold which emits light according to a drive current, answering a selection pulse from this scanning line, and 
incorporating the signal current from this data line. The conversion procedure which once changes and holds the 
current level of the incorporated signal current to a voltage level, The drive procedure of passing the drive current 
which has the current level according to the held voltage level to the light emitting device concerned is included. 
Said conversion procedure Include the procedure using the insulated gate field effect transistor for conversion 
equipped with the gate, the source, the drain, and the channel, and the capacity linked to this gate, and it sets for 
this procedure. This insulated gate field effect transistor for conversion This gate is made to generate the voltage 
level which passed the signal current incorporated by this acceptance procedure to this channel, and was changed, 
and said capacity holds the voltage level produced to this gate. Said drive procedure Include the procedure using 
the insulated gate field effect transistor for a drive equipped with the gate, a drain, the source, and a channel, and it 
sets for this procedure. This insulated gate field effect transistor for a drive A channel is minded for the drive 
current which accepts in the gate the voltage level held at this capacity, and has the current level according to it 
To this light emitting device A sink, This insulated gate field effect transistor for a drive is the drive approach of the 
light emitting device set up so that the threshold voltage may become lower than the threshold voltage of the 
insulated gate field effect transistor for conversion. 

[Claim 20] Said insulated gate field effect transistor for a drive is the drive approach of the light emitting device 
according to claim 19 set up like that the gate length does not become shorter than the gate length of the insulated 
gate field effect transistor for conversion. 
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[Claim 21] Said insulated gate field effect transistor for a drive is the drive approach of the light emitting device 
according to claim 19 set up like that the gate dielectric film does not become thinner than the gate dielectric film 
of the insulated gate field effect transistor for conversion. 

[Claim 22] Said insulated gate field effect transistor for a drive is the drive approach of the light emitting device 
according to claim 19 set up like that adjust the high impurity concentration injected into a channel, and the 
threshold voltage does not become lower than the threshold voltage of the insulated gate field effect transistor for 
conversion. 

[Claim 23] This insulated gate field effect transistor for a drive is the drive approach of a light emitting device 
according to claim 19 of passing the drive current according to the difference of the voltage level and threshold 
voltage which operated in the saturation region and were impressed to the gate to this light emitting device. 
[Claim 24] The drive approach of a light emitting device according to claim 19 of the gate of this insulated gate field 
effect transistor for conversion and the gate of this insulated gate field effect transistor for a drive being connected 
directly, constituting current Miller circuit, and having made it the current level of the signal current and the current 
level of a drive current serve as proportionality. 

[Claim 25] Said conversion procedure includes the procedure using the insulated gate field effect transistor for a 
switch inserted between the drain of this insulated gate field effect transistor for conversion, and the gate, and sets 
it for this procedure. This insulated gate field effect transistor for a switch It flows, when this insulated gate field 
effect transistor for conversion changes the current level of the signal current into a voltage level. While connecting 
electrically the drain and the gate of this insulated gate field effect transistor for conversion and making the gate 
produce the voltage level on the basis of the source This insulated gate field effect transistor for a switch is the 
drive approach of the light emitting device given in claim 19 written which separates from a drain this capacity that 
it was intercepted when holding a voltage level in this capacity, and was connected to the gate of this insulated gate 
field effect transistor for conversion, and this. 

[Claim 26] Said light emitting device is the drive approach of a light emitting device according to claim 19 of using 
an organic electroluminescent element. 

[Claim 27] Said insulated gate field effect transistor for a drive and the insulated gate field effect transistor for 
conversion are the drive approach of the light emitting device according to claim 19 using the thin film transistor 
which formed the source, the drain, and the channel with the polycrystal semi-conductor thin film. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the display equipped with the light emitting device by which 
brightness is controlled by currents, such as an organic electroluminescence (EL) component, for every pixel. It is 
related with the so-called active-matrix type with which the amount of currents supplied to a light emitting device is 
controlled by active elements, such as an insulated gate field effect transistor prepared in each pixel, in more detail 
of image display device. Furthermore, it is related with the control technique of the leakage current of subthreshold 
level which flows to an insulated gate field effect transistor in detail. 
[0002] 

[Description of the Prior Art] An image is displayed by arranging many pixels in in the shape of a matrix, and 
generally, controlling optical reinforcement by the image display device of a active-matrix mold for every pixel 
according to the given brightness information. When liquid crystal is used as electrooptic material, the permeability 
of a pixel changes according to the electrical potential difference written in each pixel. It is the same as that of the 
case where fundamental actuation uses liquid crystal also with the image display device of the active-matrix mold 
using the organic electroluminescence ingredient as electrooptic material. However, unlike a liquid crystal display, an 
organic electroluminescence display is the so-called spontaneous light type which has a light emitting device in each 
pixel, and has an advantage, like a back light with the high visibility of an image has needlessness and a quick speed 
of response compared with a liquid crystal display. The brightness of each light emitting device is controlled by the 
amount of currents. That is, in that a light emitting device is a current drive mold or a current control mold, a liquid 
crystal display etc. is large and it differs. 

[0003] A passive matrix and an active matrix are possible also for an organic electroluminescence display as the 
drive method like a liquid crystal display. Although structure of the former is simple, since implementation of a large- 
sized and high definition display is difficult, development of an active matrix is performed briskly. An active matrix is 
controlled by the active element (generally it may call the thin film transistor which is a kind of an insulated gate 
field effect transistor, and Following TFT) which prepared the current which flows to the light emitting device 
prepared in each pixel in the interior of a pixel. The organic electroluminescence display of this active matrix is 
indicated by JP,8-234683,A, and shows the equal circuit for 1 pixel to drawing 6 . A pixel consists of a light emitting 
device OLED, the first thin film transistor TFT1, the second thin film transistor TFT2, and retention volume C. A 
light emitting device is an organic electroluminescence (EL) component. Since an organic EL device has a rectifying 
action in many cases, it may be called OLED (organic light emitting diode), and uses the notation of diode as a light 
emitting device OLED by a diagram. However, a light emitting device is not necessarily restricted to OLED, and 
brightness should just be controlled by the amount of currents which flows for a component. Moreover, as for a light 
emitting device, a rectifying action is not necessarily required. In the example of illustration, the source of TFT2 of a 
P channel mold is set to Vdd (power-source potential), and while the cathode (cathode) of a light emitting device 
OLED is connected to touch-down potential, the anode (anode plate) is connected to the drain of TFT2. On the 
other hand, the gate of TFT1 of N channel mold is connected to the scanning line scan, the source is connected to 
data-line data, and the drain is connected to the gate of retention volume C and TFT2. 

[0004] In order to operate a pixel, first, the scanning line scan is made into a selection condition, if the data 
potential Vw which expresses brightness information to data-line data is impressed, TFT1 flows, retention volume C 
charges or discharges, and the gate potential of TFT2 is in agreement with the data potential Vw. If the scanning 
line scan is made into the condition of not choosing, TFT1 becomes off, and although TFT2 is electrically separated 
from data-line data, the gate potential of TFT2 will be held with retention volume C at stability. The current which 
flows to a light emitting device OLED through TFT2 serves as a value according to the gate / electrical potential 
difference Vgs between the sources of TFT2, and a light emitting device OLED continues emitting light by the 
brightness according to the amount of currents supplied through TFT2. 

[0005] Now, when the current which flows between the drain/source of TFT2 is set to Ids, this is the drive current 

which flows to OLED. Ids is expressed with the following formulas when TFT2 shall operate in a saturation region 

Ids=mu-Cox-W/L / 2(Vgs-Vth) 2 = mu-Cox-W/L / 2(Vw-Vth) 2 — (1) 

Cox is the gate capacitance per unit area, and is given by the following formulas here. 

Cox=epsilon 0 and epsilonr/d — (2) 

(1 ) Vth shows the threshold of TFT2 among a formula and (2) types, mu shows the mobility of a carrier, W shows 
channel width, L shows channel length, epsilon 0 shows the dielectric constant of vacuum, epsilonr shows the 
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specific inductive capacity of gate dielectric film, and d is the thickness of gate dielectric film. 

[0006] (1) According to the formula, Ids can be controlled by the potential Vw written in a pixel, and the brightness 
of a light emitting device OLED can be controlled by it as a result. Here, the reason for operating TFT2 in a 
saturation region is as follows. That is, in order to control Ids only by Vgs in a saturation region and not to be 
dependent on a drain / electrical potential difference Vds between the sources, even if it changes Vds by property 
dispersion of OLED, it is because the drive current Ids of the specified quantity can be passed to OLED. 
[0007] As mentioned above, once it writes in Vw, by the circuitry of the pixel shown in drawing 6 , OLED will 
continue luminescence by fixed brightness between 1 scan cycles (one frame) until it is rewritten next. If a majority 
of such pixels are arranged in the shape of a matrix like drawing 7 , a active-matrix mold display can be constituted. 
As shown in drawing 7 , the scanning line scanl for the conventional display to choose a pixel 25 in a predetermined 
scan cycle (for example, frame period according to the NTSC standard) thru/or scanN, and data-line data that gives 
the brightness information (data potential Vw) for driving a pixel 25 are arranged inthe shape of a matrix. While the 
scanning line scanl thru/or scanN are connected to the scanning-line drive circuit 21, data-line data is connected 
to the data-line drive circuit 22. A desired image can be displayed by repeating the writing of Vw from data-line data 
by the data-line drive circuit 22, making sequential selection of the scanning line scanl thru/or the scanN by the 
scanning-line drive circuit 21. With the display of a passive-matrix mold, with the display of the active-matrix mold 
shown in drawing 7 to emitting light only at the moment of being chosen, in order that the light emitting device of 
each pixel 25 may continue luminescence also even for after write-in termination, the light emitting devices 
contained in each pixel are points — compared with a passive-matrix mold, the level of the drive current of a light 
emitting device can be lowered — and become advantageous on a high definition large-sized display especially. 
[0008] 

[Problem(s) to be Solved by the Invention] In a active-matrix mold organic electroluminescence display, although 
TFT (Thin Film Transistor, thin film transistor) generally as an active element formed on the glass substrate is used, 
this is based on the following reason. That is, it is not realistic for the size to become comparatively large-sized on 
the property in which an organic electroluminescence display is a direct viewing type, and to use a single crystal 
silicon substrate from cost, constraint of a manufacturing facility, etc. for formation of an active element. From this 
situation, a comparatively large-sized glass substrate is used in a active-matrix mold organic electroluminescence 
display, and, usually TFT with comparatively easy forming on it as an active element is used. However, the 
amorphous silicon and polish recon which are used for formation of TFT have bad crystallinity compared with single 
crystal silicon, and since the controllability of a conduction device is bad, it is known that formed TFT has large 
dispersion in a property. Although the laser annealing method is usually used in order to avoid problems, such as 
heat deformation of a glass substrate, when forming poly-Si TFT on a comparatively large-sized glass substrate 
especially, it is difficult for a big glass substrate to irradiate laser energy at homogeneity, and it is not avoided that 
the condition of crystallization of polish recon produces dispersion by the location in a substrate. 
[0009] Consequently, it is not rare that that Vth (threshold) differs also in TFT formed on the same substrate V or 
more [ 1 ] by the pixel depending on hundreds of mV and the case, either. Although the same signal potential Vw is 
written in to a different pixel in this case, as a result of Vth's varying by the pixel, according to (1) type shown 
above, the current Ids which flows to OLED varies greatly for every pixel, at all, from a desired value, cannot result 
in shifting and cannot expect image quality high as a display. This can say that the same is said of dispersion in each 
parameter of not only Vth but the carrier mobility mu etc. types (1). Moreover, as for dispersion in each above- 
mentioned parameter, changing a certain extent is avoided by not only dispersion between the above pixels but 
every manufacture lot and not every product In such a case, although it be necessary to determine about how the 
data line potential Vw should be set up according to completion of each parameter of (1) type for every product to 
the current Ids of the request which should be pass to OLED, about aging of the TFT property it be not only unreal, 
but produce by the property fluctuation of TFT by environmental temperature, and further prolonged use in the 
mass production process of a display, it be very difficult for this to take a cure. About the pixel circuit where this 
invention was made in view of the above-mentioned problem, and its drive approach, the purpose is not based on 
property dispersion of the active element inside a pixel, but is to offer stability and the display which a desired 
current is supplied to the light emitting device of each pixel, and can display an image high-definition as the result 
on it correctly. The purpose of controlling the leakage current of the subthreshold level which flows to TFT which 
drives OLED especially, and preventing fine luminescence of a pixel, with attaining high-definition image display is 
carried out 
[0010] 

[Means for Solving the Problem] The following means were provided in order to attain the above-mentioned 
purpose. Namely, a data-line drive circuit including the current source which this invention generates the signal 
current which has the scanning-line drive circuit which makes sequential selection of the scanning line, and the 
current level according to brightness information, and is serially supplied to the data line, While being allotted to the 
intersection of each scanning line and each data line, it is the display equipped with two or more pixels containing 
the light emitting device of the current drive mold which emits light in response to supply of a drive current The 
pixel concerned The accession department which incorporates the signal current from the data line concerned when 
the scanning line concerned is chosen, The transducer which once changes and holds the current level of the 
incorporated signal current to a voltage level. The mechanical component which passes the drive current which has 
the current level according to the held voltage level to the light emitting device concerned is included. Said 
transducer The insulated gate field effect transistor for conversion equipped with the gate, the source, the drain, 
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and the channel. The capacity linked to this gate is included. Said insulated gate field effect transistor for 
conversion This gate is made to generate the voltage level which passed the signal current incorporated by this 
accession department to this channel, and was changed, and said capacity holds the voltage level produced to this 
gate. Said mechanical component The insulated gate field effect transistor for a drive equipped with the gate, a 
drain, the source, and a channel is included. Said insulated gate field effect transistor for a drive A channel is 
minded for the drive current which accepts in the gate the voltage level held at this capacity, and has the current 
level according to it. To this light emitting device A sink, Said insulated gate field effect transistor for a drive is set 
as the appearance to which the threshold voltage does not become lower than the threshold voltage of the insulated 
gate field effect transistor for conversion which corresponds within a pixel. Specifically, said insulated gate field 
effect transistor for a drive is set as the appearance to which the gate length does not become shorter than the 
gate length of the insulated gate field effect transistor for conversion who corresponds within a pixel. Or said 
insulated gate field effect transistor for a drive is set as the appearance to which the gate dielectric film does not 
become thinner than the gate dielectric film of the insulated gate field effect transistor for conversion which 
corresponds within a pixel. Or said insulated gate field effect transistor for a drive adjusts the high impurity 
concentration injected into a channel, and is set as the appearance to which the threshold voltage does not become 
lower than the threshold voltage of the insulated gate field effect transistor for conversion which corresponds within 
a pixel. Preferably, said insulated gate field effect transistor for a drive operates in a saturation region, and passes 
the drive current according to the difference of the voltage level and threshold voltage which were impressed to the 
gate to this light emitting device. Moreover, the gate of said insulated gate field effect transistor for conversion and 
the gate of said insulated gate field effect transistor for a drive are connected directly, current Miller circuit is 
constituted, and it is made for the current level of the signal current and the current level of a drive current to 
serve as proportionality. Moreover, said transducer contains the insulated gate field effect transistor for a switch 
inserted between the drain of this insulated gate field effect transistor for conversion, and the gate. This insulated 
gate field effect transistor for a switch While flowing when changing the current level of the signal current into a 
voltage level, connecting electrically the drain and the gate of this insulated gate field effect transistor for 
conversion and making the gate produce the voltage level on the basis of the source This insulated gate field effect 
transistor for a switch is intercepted when holding a voltage level in this capacity, and it separates this capacity 
linked to the gate of this insulated gate field effect transistor for conversion, and this from a drain. Preferably, said 
light emitting device uses an organic electroluminescent element. Preferably, said insulated gate field effect 
transistor for a drive and the insulated gate field effect transistor for conversion are thin film transistors which 
formed the source, the drain, and the channel with the polycrystal semi-conductor thin film. 

[0011] The pixel circuit of this invention has the following description. In the first place, the writing of the brightness 
information to a pixel is performed by passing the signal current of the magnitude according to brightness to the 
data line, and the current produces the electrical potential difference between the gate [ between / the source 
drains of the insulated gate field effect transistor for conversion inside a pixel ] sources according to the current 
level as a result of flow. The electrical potential difference between the gate sources produced [ second ] in the 
above or gate potential was formed in the interior of a pixel, or is held according to an operation of the capacity 
which exists parasitically, and after write-in termination maintains the level in general during the predetermined 
period. Said insulated gate field effect transistor for conversion itself [ which was connected to it and serial ] or it is 
controlled by the insulated gate field effect transistor for a drive by which was independently prepared in the interior 
of a pixel and common connection was made in this insulated gate field effect transistor for conversion, and the 
gate, and the current which flows [ third ] to OLED is in general equal to the electrical potential difference between 
the gate sources of the insulated gate field effect transistor for conversion which the electrical potential difference 
between the gate sources in the case of an OLED drive produced according to the first description. The data line 
and the interior of a pixel flow in the fourth by the insulated gate field effect transistor for taking in controlled by 
the 1st scanning line at the time of writing, and between the gate drains of said insulated gate field effect transistor 
for conversion connects with it too hastily by the insulated gate field effect transistor for a switch controlled by the 
2nd scanning line. When it collects above, it is the remarkable description to be given in the form of a current value 
in the display of this invention to brightness information having been given in the form of an electrical-potential- 
difference value in the conventional example, i.e., for it to be a current write-in mold. 

[0012] This invention is not based on property dispersion of TFT, as already stated, but although it aims at passing a 
desired current to OLED correctly, the above-mentioned first thru/or the fourth description explain the reason for 
the ability to attain this purpose below. In addition, TFT3 and the insulated gate field effect transistor for a switch 
are described [ the insulated gate field effect transistor for conversion / TFT1 and the insulated gate field effect 
transistor for a drive ] for TFT2 and the insulated gate field effect transistor for taking in as TFT4 below. However, 
this invention is not restricted to TFT (thin film transistor), and its single crystal silicon transistor created by a 
single crystal silicon substrate and the SOI substrate is large, and it can adopt it by using an insulated gate field 
effect transistor as an active element. Now, the electrical potential difference between the gate sources which 
produces the signal current passed to TFT1 in TFT1 as a result of [ its ] Iw is set to Vgs at the time of the writing 
of brightness information. Since between the gate drains of TFT1 has connected too hastily by TFT4 at the time of 
writing, TFT1 operates in a saturation region. Therefore, Iw is given by the following formulas. 
Iw=mu 1, Cox1, and W1/L1/2(Vgs-Vth1) 2 — (3) 

In the case of the aforementioned (1) formula, the semantics of each parameter applies here. Next, if the current 
which flows to OLED is set to Idrv, current level will be controlled by TFT2 by which Idrv is connected to OLED and 
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a serial. In this invention, since the electrical potential difference between the gate sources is in agreement with Vgs 
of (3) types, if it assumes that TFT2 operates in a saturation region, the following formulas will be realized 
Idrv=mu 2, Cox2, and W2/L2/2(Vgs-Vth2) 2 — ( 4) 

In the case of the aforementioned (1) formula, the semantics of each parameter applies. In addition, generally 
conditions for the thin film transistor of an insulated-gate electric field effect mold to operate in a saturation region 
are given by the following formulas by making Vds into the electrical potential difference between the drain sources 
I Vds|>|Vgs-Vth| — (5) 

[0013] Here, since it is approached and formed in the interior of a small pixel, TFT1 and TFT2 are profile mu1=mu2 
and Cox1=Cox2, and unless especially creativity is put, they are considered to be Vth1=Vth2. Then, the following 
formulas are easily drawn from (3) types and (4) types at this time. 
Idrv/Iw=(W2/L2)/(W1 /L1 ) — (6) 

Although it is common in (3) types and (4) types that the value of mu, Cox, and Vth itself varies for every pixel, 
every product, and every manufacture lot as for the point which it should be careful of here, since (6) types do not 
contain these parameters. I hear that it is not dependent on these dispersion, and there is a value of Idrv/Iw. If it 
designs with W1=W2 and L1=L2, Idrv/Iw=1, i.e., Iw and Idrv, will become the same value. That is, it is not based on 
property dispersion of TFT, but since the drive current Idrv which flows to OLED becomes the same as that of the 
signal current Iw correctly, the luminescence brightness of OLED is correctly controllable as a result. 
[0014] since [ as mentioned above, ] Vthl of TFT1 for conversion and Vth2 of TFT2 for a drive are fundamentally 
the same — both TFT(s) — if the signal level of cut-off level is impressed to the gate which is in the common 
potential of** mutually — TFT1 and TFT2 — it must be in both non-switch-on — it comes out However, Vth2 
may become low rather than Vthl according to factors, such as dispersion in a parameter, also within a pixel in fact 
At this time, since the leakage current of subthreshold level flows to TFT2 for a drive, OLED presents fine 
luminescence. The contrast of a screen falls by this fine luminescence, and a display property is spoiled. So, 
especially in this invention, it is set as the appearance to which the threshold voltage Vth2 of TFT2 for a drive does 
not become lower than the threshold voltage Vthl of TFT1 for conversion which corresponds within a pixel. For 
example, even if it makes gate length L2 of TFT2 longer than the gate length t1 of TFT1 and changes the process 
parameter of these thin film transistors, it is made for Vth2 not to become lower than Vthl. It is possible for this to 
control very small current leak. 
[0015] 

[Embodiment of the Invention] Drawing 1 is the example of the pixel circuit by this invention. Others [ transistor / 
TFT2 / which controls the drive current which flows to the light emitting devjce which this circuit becomes from the 
transistor TFT1 for conversion to which the signal current flows, an organic EL device, etc. / for a drive ], By 
control of the transistor TFT3 for taking in which connects or intercepts a pixel circuit and data-line data by control 
of the 1st scanning line scanA, and the 2nd scanning line scanB It consists of capacity C and a light emitting device 
OLED for after write-in termination to hold the electrical potential difference between the gate sources of the 
transistors TFT4 and TFT1 for a switch which short-circuit the gate drain of TFT1 during a write-in period. 
Although TFT3 constitutes drawing 1 and the transistor of NMOS and others is constituted from a PMOS, this 
needs to be an example and does not necessarily need to be this passage. Although the terminal of one of these is 
connected to the gate of TFT1 and the other-end child is connected to Vdd (power-source potential), the fixed 
potential of not only Vdd but arbitration is sufficient as capacity C. The cathode (cathode) of OLED is connected to 
touch-down potential. 

[0016] The display which applies to this invention fundamentally is equipped with two or more pixels containing the 
light emitting device OLED of the current drive mold which emits light in response to supply of a drive current while 
it is arranged on the intersection of a data-line drive circuit including the current source OS which generates the 
signal current Iw which has the scanning-line drive circuit which makes sequential selection of the scanning lines 
scanA and scanB, and the current level according to brightness information, and is serially supplied to data-line 
data, and each scanning lines scanA and scanB and each data-line data. The pixel concerned shown in drawing 1 as 
a description matter consists of the accession department which incorporates the signal current Iw from the data- 
line data concerned, a transducer which once changes and holds the current level of the incorporated signal current 
Iw to a voltage level, and a mechanical component which passes the drive current which has the current level 
according to the held voltage level to the light emitting device OLED concerned, when the scanning line scanA 
concerned is chosen. Specifically, said accession department consists of a transistor TFT3 for taking in. Said 
transducer contains the capacity C connected with the thin film transistor TFT1 for conversion equipped with the 
gate, the source, the drain, and the channel at the gate. The thin film transistor TFT1 for conversion makes the gate 
generate the voltage level which passed to the channel the signal current Iw incorporated by the accession 
department, and was changed, and capacity C holds the voltage level produced to the gate. Furthermore, said 
transducer contains the thin film transistor TFT 4 for a switch inserted between the drain of the thin film' transistor 
TFT1 for conversion, and the gate. The thin film transistor TFT4 for a switch flows, when changing the current level 
of the signal current Iw into a voltage level, the drain and the gate of the thin film transistor TFT1 for conversion 
are connected electrically, and the gate of TFT1 is made to produce the voltage level on the basis of the source. 
Moreover, the thin film transistor TFT4 for a switch is intercepted when holding a voltage level in capacity C, and it 
separates the capacity C linked to the gate of the thin film transistor TFT1 for conversion, and this from the drain 
of TFT1. 

[0017] Furthermore, said mechanical component contains the thin film transistor TFT2 for a drive equipped with the 



JP.2001-147659.A [DETAILED DESCRIPTION] 



5/6 



gate, a drain, the source, and a channel. The thin film transistor TFT2 for a drive passes the drive current which 
accepts in the gate the voltage level held at capacity C, and has the current level according to it to a light emitting 
device OLED through a channel. The gate of the thin film transistor TFT1 for conversion and the gate of the thin 
film transistor TFT2 for a drive are connected directly, current Miller circuit is constituted, and it was made for the 
current level of the signal current Iw and the current level of a drive current to serve as proportionality. The thin 
film transistor TFT2 for a drive operates in a saturation region, and passes the drive current according to the 
difference of the voltage level and threshold voltage which were impressed to the gate to a light emitting device 
OLED. 

[0018] As a description matter of this invention, the thin film transistor TFT2 for a drive is set as the appearance to 
which the threshold voltage does not become lower than the threshold voltage of the thin film transistor TFT1 for 
conversion which corresponds within a pixel. Specifically, TFT2 is set as the appearance to which the gate length 
does not become shorter than the gate length of TFT1. Or TFT2 may be set up so that the gate dielectric film may 
not become thinner than the gate dielectric film of TFT1 which corresponds within a pixel. Or TFT2 may adjust the 
high impurity concentration injected into the channel, and may set it as the appearance to which threshold voltage 
does not become lower than the threshold voltage of TFT1 which corresponds within a pixel. If the signal level of 
cut-off level is impressed to the gate of both the thin film transistors by which common connection was made when 
it sets up temporarily so that the threshold voltage of TFT1 and TFT2 may become the same, both TFT1 and TFT2 
should be turned off. However, dispersion in a process parameter is also in a pixel slightly in fact, and the threshold 
voltage of TFT2 may become low from the threshold voltage of TFT1. At this time, since the feeble current of 
subthreshold level flows to TFT2 for a drive also with the signal level below cut-off level. OLED fine-emits light and 
the contrast fall of a screen appears. So, in this invention, gate length of TFT2 is made longer than the gate length 
of TFT1. Even if it changes the process parameter of a thin film transistor within a pixel, it is made for the threshold 
voltage of TFT2 not to become lower than the threshold voltage of TFT1 by this. 

[0019] Drawing 2 is a graph which shows gate length L of a thin film transistor, and the relation of threshold voltage 
Vth. In the comparatively short short-channel-effect field A, Vth goes up [ gate length L ] with the increment in 
gate length L On the other hand, in the comparatively big control field B, gate length L is not concerned with gate 
length L, but Vth's is almost fixed. By this invention, gate length of TFT2 is made longer than the gate length of 
TFT1 using this property. For example, when the gate length of TFT1 is 7 micrometers, gate length of TFT2 is set to 
about 10 micrometers. While the gate length of TFT1 belongs to the short-channel-effect field A, the gate length of 
TFT2 may be made to belong to the control field B. Thereby, while being able to control the short channel effect in 
TFT2, the threshold voltage reduction by fluctuation of a process parameter can be controlled. By the above, the 
leakage current of the subthreshold level which flows to TFT2 can be controlled, fine luminescence of OLED can be 
suppressed, and it can contribute to a contrast improvement 

[0020] Drawing 3 expresses typically the cross-section structure of the pixel circuit shown in drawing 1 . However, 
in order to make illustration easy, only TFT2 is expressed as OLED. OLED piles up a reflector 10, the organic 
electroluminescence layer 11, and a transparent electrode 12 in order. Common connection of the transparent 
electrode 12 which has separated the reflector 10 for every pixel and functions as an anode of OLED is made 
between pixels, and it functions as a cathode of OLED. That is, common connection of the transparent electrode 12 
is made at the predetermined power-source potential Vdd. The organic electroluminescence layer 1 1 serves as 
bipolar membrane which piled up for example, the electron hole transportation layer and the electron transport layer. 
For example, Diamyne is vapor-deposited as an electron hole transportation layer on the reflector 10 which 
functions as an anode (hole-injection electrode), Alq3 is vapor-deposited as an electron transport layer on it, and 
the transparent electrode 12 which functions as a cathode (electron injection electrode) on it further is formed. In 
addition, Alq3 is 8-hydroxy. quinoline aluminum is expressed. OLED which has such a laminated structure is only an 
example. If the electrical potential difference (about 10V) of the forward direction is impressed between the 
anode/cathode of OLED which has this configuration, impregnation of carriers, such as an electron and an electron 
hole, will take place, and luminescence will be observed. Actuation of OLED is considered to be luminescence by the 
exciton formed from the electron hole poured in from the electron hole transportation layer, and the electron poured 
in from the electron transport layer. 

[0021] On the other hand. TFT2 consists of the gate electrode 2 formed on the substrate 1 which consists of glass 
etc., gate dielectric film 3 put on that top face, and a semi-conductor thin film 4 piled up above the gate electrode 2 
through this gate dielectric film 3. This semi-conductor thin film 4 consists for example, of a poly crystalline silicon 
thin film. TFT2 is equipped with Source S, Channel Ch, and Drain D used as the path of the current supplied to 
OLED. Channel Ch is exactly located in right above [ of the gate electrode 2 ]. TFT2 of this bottom gate structure 
is covered with the interlayer insulation film 5, and the source electrode 6 and the drain electrode 7 are formed on 
it On these, OLED mentioned above through another interlayer insulation film 9 is formed. In addition, in the 
example of drawing 3 , in order to connect the anode of OLED to the drain of TFT2, the P channel thin film 
transistor is used as TFT2. 

[0022] Here, gate length L of TFT2 is set up so that it may become longer than the gate length of TFT1 (not 
shown). Or thickness d of the gate dielectric film 3 of TFT2 may be made larger than the thickness of the gate 
dielectric film of TFT1. The threshold voltage of a thin film transistor rises, so that the thickness of gate dielectric 
film becomes large. Depending on the case, an impurity is alternatively injected into the channel Ch of TFT2, and 
threshold voltage may be adjusted. What is necessary is just to dope Impurity P or As alternatively to Channel Ch, 
in order to shift the threshold voltage to an enhancement side more in the case of TFT2 of a P channel. 
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[0023] Next, with reference to drawing 4 , the drive approach of the pixel circuit shown in drawing 1 is explained 
briefly. First, at the time of writing, the 1st scanning line scanA and the 2nd scanning line scanB are made into a 
selection condition. In the example of drawing 4 , scanA is made into a low and scanB is made into a high level. By 
connecting a current source CS to data-line data, where both the scanning lines are chosen, the signal current Iw 
according to brightness information flows to TFT1. A current source CS is a source of a good transformation style 
controlled according to brightness information. At this time, since it has connected too hastily electrically by TFT4 
between the gate drains of TFT1, (5) types are materialized, and TFT1 operates in a saturation region. Therefore, 
between the gate source, the electrical potential difference Vgs given by (3) formulas arises. Next, scanA and scanB 
are made into the condition of not choosing. In detail, TFT4 is first made into an off condition by making scanB into 
a low. Vgs is held by this with capacity C. Next, since a pixel circuit and data-line data are electrically intercepted 
by making scanA into a high level and setting to OFF, the writing to another pixel can be performed through data- 
line data after that Here, although the data which a current source CS outputs as current level of the signal current 
need to be effective when scanB is un-choosing, they may be made into the level (for example, write-in data of the 
following pixel) of arbitration after that. Since common connection of TFT1, the gate, and the source is made 
[ both ] and TFT2 is approached and formed in the interior of a small pixel, if TFT2 is operating in the saturation 
region, the current which flows TFT2 will be given by (4) formulas, and will turn into the drive current Idrv which 
flows to this, i.e., OLED. What is necessary is just to give sufficient power-source potential to Vdd so that (5) types 
may be materialized in addition even if it takes the voltage drop in OLED into consideration in order to operate 
TFT2 in a saturation region. 

[0024] Drawing 5 is the example of the display which arranged the pixel circuit of drawing 1 in the shape of a matrix, 
and constituted it. The actuation is explained below. First, a perpendicular start pulse (VSP) is inputted into the 
scanning-line drive circuit B23 which contains a shift register as well as the scanning-line drive circuit A21 
containing a shift register. The scanning-line drive circuit A21 and the scanning-line drive circuit B23 make 
sequential selection of the 1st scanning line scanAI - scanAN, the 2nd scanning line scanB 1 - the scanBN 
synchronizing with a perpendicular clock (VCKA, VCKB), respectively, after receiving VSP. Corresponding to each 
data-line data, the current source CS is established in the data-line drive circuit 22, and the data line is driven on 
the current level according to brightness information. A current source CS consists of an electrical potential 
difference / a current conversion circuit of illustration, and outputs the signal current according to the electrical 
potential difference showing brightness information. The signal current flows to the pixel on the selected scanning 
line, and current writing is performed per scanning line. Each pixel starts luminescence by the reinforcement 
according to the current level. However, VCKA is slightly delayed by the delay circuit 24 to VCKB. Thereby, as 
shown in drawing 4 , scanB is un-choosing in advance of scanA. 
[0025] 

[Effect of the Invention] According to the pixel circuit and its driving method of this invention, it is possible to pass 
the drive current Idrv which is not based on property dispersion of active elements (TFT etc.), but is proportional to 
the signal current Iw correctly from the data line (or correspondence) to the light emitting devices (organic EL 
device etc.) of a current drive mold. Since each pixel can be made to emit light by desired brightness correctly by 
arranging a majority of such pixel circuits in the shape of a matrix, it is possible to offer a high-definition active- 
matrix mold display. Especially, by the thing which do not become lower than the threshold voltage of TFT for 
conversion about the threshold voltage of TFT for a drive and to set up like, the leakage current which flows to a 
light emitting device is controlled, with fine luminescence of a light emitting device is suppressed. It becomes 
possible to improve the contrast of the display of current drive molds, such as an organic electroluminescence 
display, and to raise image quality by this. 
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[0 0 0 8] 

3yW«ELx-f*7l^^"n^ »ifi?£LT- 40 
ftfcjff^^MLhK^* 1 ^ 1, FT (Thin F i 
1 m Transistor, r-v^X*) tf*J 

x«jt«w*s! t * ^ , ^ * h ^sHBSffi©*^* 
fl^* : ?©j&j£©fc© lc *£* s '' IJ =i 

«Ct«'Jt«flW*4TFT36(««ffl«n*©«Hi3i"e* 50 



0 0 1-14 7 659 

8 

fcT F TlitfttOtf 6ottf*t^C fc#»5*lTV« 
So Jt«6Wa!0*5^W(Lhlc'#US/U3yT 

^5giti>/c46, ant, (f7--;WfcWfl^e>ti3 

1 5 c £ fill L < , * U 5"J 3 y<D&£kiWVmt>mfc 

rt©«ffifc<koTtf&o**£?S£fctf»tf 5ft* 

[0 0 0 9] CO*S^ H-«SU:lC»J*LfcT F TT* 
fe, *©Vt h mm »aotaimV, IS-fr 

(1) 3££$oT, OL ED£?tftS*Ml d sliBfjt 

^ (1) 2e©&^^ — £©t££>Of?fc:oi v, C i E>|BJ$© 

cfc#m*£o ±e©£><7*-*©tf&o* 
tt, JJ$©J:5fcISiRIH©tf&0*©#a:5f\ Saifitn 
y h«, £;|>wm n p«C=fcoT&&5gfitt»r5 

ct^je^e.navo coj: oled tijs 
t^tmii©*^ i dsesu f-^itfivw^t* 
d^-r^t^tcov^r, sifise (i) sk©^-?* 

-*©HJ*±tf D.KJSCT&^-fS&gtf&Stf, c: n 

< > mm&mc «t * t f t ©&&£»), hks 

©Kllit«*T!a:«nfcH*lHl8M3«fctf*©BIWffiK: 

B-rst©T*o, ^©g&fy*, HJRrtwciiBKi*?© 

5c WK, OLED^Bft-rSTFTtcaEnSit^U 
■v > 3 ;l/ H U^^© U - ^ m^«:» LT, SH©ftfE 

[00 10] 

T©^S*»Ufeo EPS, *36«*«^aW 

wr 5 is lxm%t- $ mic m&? % w.m 

T^-r s *««g»si©5Bai5? *^tf a»©H* t % 
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fiffiS*ttK^-he£i;fc«ffl^*«8FU 
fflEBfi«& FWX V-Xfttf?-*** 

n* ne « ufc«« i^**** % Bmmm^- + 
^urs^^e^u «HEB«ffliftiiy-nw 

ffi<fc&*t^»eK5£2*V£VS. Uttfteti, SufBIE 20 

*<«*rt-"e»js^" *asuB**y- h swim** h v 
*©y-h*6iro^*rt?tt£^3£i^fc 

Sty — V 3!M J?#J^ h^^^O y — h <fc 0 if 

»y- h§y«^a* ^ y */wcax« 

imm^fmf- hsmxm b v yV7.*o>>?- bt 
^mmmmtnrijuyh^-m^m^u ism 

art-sisiafiiu K«»ffltt«y-^s*ffsai*h7 
y y*x ^FWyiM^ *«K»e ftfiEL/TV— 7. 

y_ j. sign's i~ ^ y ^ x * ° ^~ h&tfcntsa 



tfH 2 0 0 1 - 1 4 7 6 5 9 
10 

a, £gffi¥»(**Bi"ey-** FWyiWif** 

[0 0 1 l] ^^©B^SEtt*©^*^*- g 

s ? ©ff ^flift* y- * tsesft-r c £ e <* o -cfrfcn, 

"WcfSUfcy-h • y-^H«E*4-f So 3?-e, 
±gB-e£Cfcy-h • y-^Bi*ffi, Sfctty-h*ffi 
14, BiRrtase^iasnte, feL<{ct«4«e#si-s 
g*©ffffle*o-r««f«n, «tii*»7»fems© 
^F^, «fat©i/^*«o 0 »=e, oLEDt^n 

bmnn®% b y v?x* g*. t> t < t »ne 

yVKtty- b z&mgmz ntcm®m®&?- bm 
mn^bvy^^K^-oTmrnitu oledbk 
©is©y-h • v-xrsmm\ 

• y-*ia*se«fcSiA\, mrae, stE^^e 
(4, mi©3£SB»e«fcoTSij»*ns«i&ffliftiiy-h 
^HH^Sh^V-yx^eJioTr— 3fatHiRrtSP^ 

a«3i$n> ^2©^g^ej;-pT$ijp$nsx-r>yf-ffl 
mmv- bm%R®%byyV7.ZK&r>xwg£&& 
tmf-bmn.n%)%b?y*J7>$(D7-b • hk^ 

W3WB«sn*. iX_t*i:*6Si:. flejfcWefe^TttW 

jgit^«Effi©^T'#^6nfc©eWL, 
^»Befev^Tti*aiii©»"e#it.6nscfc, in^« 

[0012] *«Wtt. gtea^fc«kdeTFT©ittt 
tf 6 o t e £ 6 T , i»ema©«W* 0 l e d eat 

t % *iW*^i*T?*sis6*wTesiW"rSo fc*s, 

K BttfflWiy-hffl«ll'««h5y^**TFT 

2, BSiffl«iy-haa«ifsai«h5y^**TFT 

3, ^y^-m^mf-bmmm^byy^^^T: 
ft a tmto u i>*fm& tft mm v 5 y->*x 
^) enens t,©t?{i*<, msjis^jayas^s 
0 1 »EefiFi«sns#*Sfi'>U3yh5y^*ft^ 

TfffflWP&So WJSfl!«©«tii*^ t F 

t 1 e«[-rfi^«ai* 1 w, *o«£T f t 1 esfe-fs 

. y-7H*E*V g s 4:1-5. #*ii*^ft4T 
FT4C±oTTFTl ©y- h • FU'f y|HjWB«« 

nri/^©T% t f t i t*iSfi3ffi«-T?«if^-r So <feo 



J 



(7) #12 00 1 -1 4 7 6 5 9 

11 12 
|w=it I • Cox 1 • Wl/L 1/2 (Vgs— Vthl) - (3) 

— awmtm (i) * • v-*iwe# < 3 > <©v g sfc-wsw t 

i 52 ol! E DKWiSWtt I d r v FT z««B(SWWMIftU^ KTttW 

Id r vtt, OL EDkl»«JK*lt«n*TFT2fcJ:. $DuO 0 

I d r v = /i2 • Cox2 -W2/L2/2 (Vgs-Vt h2) - ( 

^«y-*o«*ttilE ( i ) sw****™. ft *^* K ^ tT ^!!J*L*vSil;L 2 i 

S IMy-htiliaiaiOlWih^y^^^ftBllH tfC o x 1 = C o x2T?$0, WK.I*«»6«*V« 
S^SJ^cSS^ 10 0, Vthl-Vth2fc#*6ft*.«^ COi: 

I Vd s I > I V g s-V t h I - (5) 
[0 0 13] TFT li:TFT2t«, 'Kfft* 

I d r v/I w= (W2/L2) / (Wl/L 1) 



uufiii^f^> C3)5Sfttf<4)S«^ 
T, Cox, V t hC5ffii*±, Slfifc* 

(6) s(i^n?>^^^-^^*ft l '' <DT% 1 d r 

v/ 1 w<D»iiine>©tf6ot fctt*L*v»fc^5 c 
t-e&So Eicw 1 =W2. L 1 = L 2 fcKttf ntf, 20 
ldrv/Iw=l> ffcfcS I wtl d r v#H-© 
ffifcftSo f4t>^TFT©»tttf60*fc*6-f, 0 
L E D i5ft n ^> ISS&ttM I d r vtt, lESitc^^*^ 1 
wfclPI-KftSO^ tt*fcLTOLED©««ffS* 

[0 0 14] «±<0*fc» WMTFTIOV thli 
igftlfflT F T 2©V t h 2fiS#W£|0)— ffi 
TFT*5SVMC©^a«fi^S>5^-htcMLT*>y F 

*7i^©«*«fftfffitaSft* i:> T F T 1 &tf T 

FT2±ttc|fHii*eiBfc4*'*^**» ££Zt>\ $ 30 
0 V t h 1 .fcO&V t h 2jbMg<&oTLI:9;:i:# t 

aaM«t3Wiftt>* 1 *- * CT% *%wx*imic mm 

fflT F T 2©gattffV t h 2-jb*HJRrt"e*tJS*"5XSWB 
TFT lOBBtlffVt h 1 <fc !){£< ft&*V>«fcSJSb 
«*tf, TFT2©y-hfiL2*TFTl© 
^•-hSL 1 <fcO*>fi< LT, cn6©*JHh5>^ 40 
tHD-faW^*-*^®^^ Vth2*<Vt 
h l J; 0 ^>fg< *6>ft l ' , '^ tc ^" ;5 ° ^ ^ N ft 

7;£ T F T 1 f«E LiR^^&ft*^*^^ 

*nw«*iwr*w»« f 9 yj* * t f t 2 © 

ft JR 1 Omms c a n A <DMWK 



t'o) sRif (4) a*»&«at«ToswJi*»n 

■• (6) 

y-C/'T.* T F T 3, ^2 ©jiglB8 scan BOftflSK <fc 
oT*#ii*^lffl l t , ICT F T 1 <D?-Y • HWV^S 
V^fflh 5 y5>**T FT 4. TFTlOy 
-h • y-*HI*ffi** *#ii*»7«fe«Jfr«fc«> 
©g«C, Rlf^|g7-0 L E DA^rfcSo 0 1T-TF 
T 3 & N M 0 S > JC-Ofl6<0h7>^*t±PM0ST« 
jSLTVStf* cnti-fiBJT'feoT. ifrf* t *> C ©il D 
Tfc*&Ett»V\, g«Ctt, *©-£<Da$?£TFT 

1 ©y- hfcsaisn, fte^oaT-tiv d d ora* 

fit) KWm.tnX^ii\ VddKlfi6"fff*©-l£« 

[0 0 16] »*WKx *5gWfc*^5fepSHl«» j£ 
liscan A&t/s c a n B%nkHRt«£iM 

m. I wfcSJSLTj&fcf*— £Mld a t afc«*ST3^8£ 
jgC S^tyf'-^aiBieilHlKSfc* #jtffl»s can 
A, scan BRtf&-f-£fc§ld a t aOSSaSKES 

WSti&V&BKM^O L E D*£€rt(S©H*4:*ffll*.T 

^g^s can Aj&^fflR^tlfcl^lK^-^Wd a t a 
3&»5fll^««I w ASP fc, ^0iiA,fc{g^ 

;i/*wr sigism^^^^^o l e Dicmmm 

^TFT3*644. SulB^^gPti, ^~F^ V- 

x*tfti£, z<D*f-hizmmLrc®mct*-3?o 

SftfflWath^y^^TFT lOKWycy-ht 
©H^ffA^nfe^vf-fflWith^y^^T F T 4 
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garau msif^^tftiokw 
mnm. v ? & t f t 4 a, «eei/^*s«c k 

l©y-Kfttfcnte»«Lfc8*C*TFTl©FU 

[0 0 1 7] BuSESglSSPii. y-K Fl"fX 

y-XRlf^* *;v*«*fclB6ffliWI F 5 y t 

*ntc « ufcwt 1 — ^/^**rr zwrnwrn** 

ftLTfiftifS^O L E DfcSTfo 

*TFT ii>y-bfcB«ffl«ilF7>^*TFT-2 

* t f t 2 aisfp Wei&ftU F t minis ft 

?OLED}CjjfTfo 
[0 0 18] *^©^*S^tT, IgftfflSMF? 

WIh7^^ TFT lcDGflttJEJ:*3{g<^e>* 

nsMcRSSft-tv*. uttWfcte, tft2«« *o 

5££ftTV>£, 0 feSVHi, TFT2ii, *©y-F«« 

nww*rtT»rt?r* t f t i ©y- m»prj: 

46av>J:5K:Webt*>AV\ SS^ti, TFT2 

BWE*WrtT?*»*st* t f t i ©bmej: o<a< * 

6ftmcKJtLTt J=V\ T F T 1 t T F T 2 

fcW*« F 9 > 3>* * ® Ftc^J-y F^-^7 i^;l/©{§ 
WEifim&tl*^ T F T 1 Rtf T F T 2 

T F T 1 ®H«E cfc 0 T F T 2 ©HWEJbMS < 

T'feu-y^i^y -y 3^ K u^©»a«^K»fflT f 
KfiT*mn*. *^ *«we», tftz ©y- 

hgfcTFT i©y-F5«fct) cftfc 

"OTlLT^ TFT2©HWE#TFT 1 ©BB«E«k 

[0 0 19] B2tt, SMIh5y^*©y-FfiL4: 
KIEV t h ^ 9 7 ^-F5L*< 
JteWJSV^JSf-V^^^^A y ~ F§ L©ti 



(8) SFI2 00 1 - 1 4 7 6 5 9 
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inttftw t htf±JW*. -2r» y-FSL^tHSW 
^ftHPUPjfBWBTtty-hftLKMbBTV t him 

2©y-hft%TFT l©y-FS*')fcfi<bTV'' 
3 0 jfdAtfx T F T 1 ©y- Fgtf 7 ji m©*§£, T F 
T2©y-F5£l 0(jmiaW5. TFT 1 (Of— 
bg^Sf-+*;W**ia*AKJR-rS-^. T F T 2© 
y-hfi*W9J1B8BKK-f s«Kiyrfcfiv\» £ft£ 
£9, TFT2(c^i,S^ j i-^;i'am ; &M - r?.eii: 

«Efi»*SP»jRl<iT?feSo W±1CJ:0, T F T 2 ICiSit 
n* 7* I' ? h ;V F U'W© U - * Wl&ZWffl L T 

[0020] 03 (i, 01 (c^tfciB^[H]SS©ff®^3i 

OLEDfcTFT 2©»%*LT^So OLE D&« £ 
*t«® 1 0, ««B LM 1 1 R^liti 1 2 %IHfcfi 

20 0LED©7y-FfcLT*fJI'rS, 2tiH 
*IBT«jBMJt«hT*0, OLE DOAV- F£ LT 
*«t*. 293*& 1 2 &ffi5£©«Ii«&V d d 
K^aSa**lTV^So W$E LS 1 1 ti^J^.lfIE?LII 

yy-F (jE7Lax«®) tLrmmt^K^mm 

1 0 ©±tciE?L^jiS tLTDi amyne 
^©±Jctt?^)itLTA 1 q3%ltU H£^© 

12 Zi$m? 5o Alq3(i, 8-hydroxy 
30 quinoline aluminu m^HLTl/" 1 

frfr*«***r*o l e D©yy- k/*V- 

FF^{c)iR^©*E (1 OVgg) £EPi[Tf3£, 
OLE D©ij[f li^ jE7LHSSJi*»e.ffiA«nfciE?Li:m 

^nasM^eaA^nfew^f «fc o^sn^aiE? tj: 

[002 1]-^ TFT2tt#9*S5*»6fcSS«l 
40 1t>?-hWm3t. C ©y- h 3ttftLX ?- 

S„ TFT2«OLEDtt«ietnS*i«OjiH4:a« 
y-7.S, ^-V^l-C hRtf KW^DtlATWi. 
^+*;l/ChtiT«y-hmH2©ii±{c(iS-rs 0 ^ 

©d? h L7- v ^© t f t 2 (i® rstmm 5 {c * D 

ffl$tiT*3t). f<7)lti:(iV-7il6MKH'>l 

9*^LTK(i4L.feOLED3b < fi8ffllSnTV>S. ^fes 
50 0 3 ©tfijTHi TFTZOFWyC0LEDO7/-'F 
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fcaa-rsa, TFT2tiTpm/nib7^ 

[0 0 2 2] TFT2©y-h«Li4TFT 1 

tft ioy-h*etMio**J:o«»**<i'ft»* 
**"<a*a±#-r*. *#'k*ot«, tft2©^ 

[00 2 3] 04*#8BLT, Bit^bfciH* 
@B©ffift£S*!IS*fcSil5rf So 
fig 1 (DjE&Ws c anA, H2©^gfcls c a nB^ 
SS?^i:1"5o 04©ffllT{i, sea n A^fSt-^ 
;K scan BZlU'^t LTl^a M^S3£tf8& 

etttefco, tft i'wmmi mzfcvrcm*§w.ffi. i w 
«w t «jjs»cs«wfifli«Kisi;Tipj»*nsRi 

m.mx*hZ> 0 Z<D£Z. TFT 1 <Dtf— V • FW 
yf^tiT F T ^J^TWtWfcffifcSftTVS©? 

(5) awaiu t f t i ttfiftflweiMW*. a 

fLEV g s So scan A, s c a n B% 

tmm&ttZo mb<lt, SfscanB^IW 
)ltLXT F T 4*o f f WmtlTZo CtUCkoTV 

U^WCtTo f f #8fcfSCfcfcJ:!K jlilSHSSt 

{jfj-^ttd a t a *rtbTffl©®*^©«*i&#*fr 
«WC-S 

Wl/tL-atifit&T— *tt* scan BtflESRfc 

V\ T F T 2 fiT F T 1 £7- hStf y-^*^ii«« 

nT^S©T% T F T 2 fSfQM&T'I&ft LT^tltf , 
T F T 2 *«nS«aK4 (4) j£T?-£3.£>n, 
ftfc-fcOLEDfcftttSKIWiftl d r vfc&S. TF 
T2*ttft«*1?»ff***» c '*» OLEDT-©ftffl$ 
T*#«bTfcftfc (5) S&WfcfrfSJ:^ 
»«{fc*V d d c-^^ntffiv^o 

[0 0 2 4] 05&> Hl©H*Btt*"^H^y*^tt 

kbww-*. a*, m**-yw* (vsp) 

hU^^^triiSEaffiiilalBB 2 3 i:A*?ns. 

jiSfiuefdiBiKA 2 1 , ^a«»)iHi!§B 2 3 « v s p 

*Sttfc* (VCKA, VCKB) £13 
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fflLT^tl-flxUlW^filSs canAl — scanA 
N, £!2©^giiis c a n B l~s c a nBN^IH&jl 
S?-TS 0 %T-$$&d a t afc«JSL/T*«lBC Stfx 
— £»BIIiIhIB2 2rtfcKtt6ftTfeD» WS1!Hlt(S 

jtStft±©li3liK»tu j£&$MVL-eWm2&&if>fT 

10 BBifet*. 1tl£U VCKAli, VCKBtMU 
@K2 4fC < fcoTfr-ffr£aE£*l.T^So £*ifc«J: 
*K 04 tc^Ufct 5E> scanB^scanAltft 

[00 2 5] 

[fspa©»£] *mBn<Dwm\si®, Rtf*©ffift8fc* 

n«> filft^? (TFTftif) ©«rtttf6o*fc,fc5 
1\ r-*ttfr6©£^*»I wfclEttteJtea (Sfctt 
ttttO tZMmWfcl drv^ •aEBftSOfBt*^ 
(*r«EL*?ft2) tefciTf C^tfWC'&So £©<fc 

3©T\ ^ D D Dftft7?7^7vHJ?7s§m^SB£}l 
«f SCttfWt-i&So ftfc, ffl»jfflTFT©ig®E 
T F T©K*E<fc Ofi< ft 6*^ filKKS-T* 

ft3&?©»$S)fc&«Ja.S. £ftE<£!K tlELf^ 

ft H«ffle»l!©£jSSB©=' y h 57, h 
LTHS«rSSi6Sc:i:^pItg(cft5c 

30 [01] *llB^{c^§g^gS*«fi!t-r?>B^[Hl8S©* 

[02] M&h5>y>'7>Z<D J f-Y&£tBME.£<Dm& 

[03] #58iflfc&S£^«©*jSW£^»nIB"T* 

[0 4] 0 UC^Lfc^ffii^lcj3^i>^^©S^J 

^-rs^0T^^o 

[0 5] 01 ©HJSJKBEftSHlRlHlB&teffl tfcg/^ 

40 [06] fie*OiB*@B©W6^"risl«8H'P*So 

[0 7] ^*<D*^gS©»fiKe>J%*t7D«>^0T*fe 

0 L E D • • • , T F T 1 • • • K h 

5^^, TFT2- • -ffiliffljfilhvy^^, 
T F T 3 • • • «aiffl»«h5>^*» T F T 4 • • 

• ^vi-mmmhyvi?**, c- • c 

S • • • 'ttiJiijl?^ s c a n A • • • ^$&l> s c a n B 

• • • ££ttU d a t a • • • t-^^, 2 1 • • • jfe 
50 SttBlillBlK.- 2 2 • • • r-^^|g®)|HlK, 2 3 • • 
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0 0 1 - 1 4 7 6 5 9 



F£-A(##) 3KO07 AB17 BA06 CA01 CB01 CC01 
DAOO DB03 EBOO FA01 

5C080 AA06 BB05 CC03 DDI 2 DD30 
EE25 FF12 HH09 KK02 

5C094 AA02 AA06 AA07 AA14 AA25 
BA03 BA27 CA19 DA09 EA05 
EB02 FB01 

5FH0 AA06 AA08 AA14 BB02 CC08 
DD02 EE25 GG02 GC13 GG32 
NN02 NN78 NN80 



